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© Method of etching anti-reflection coating. 



@ A polyimide layer used in manufacturing 
semiconductor integrated circuits is etched in a 
plasma comprising 0 2 , Ar, and CHF 3 . The plas- 
ma produces excellent critical dimension con- 
trol and yields good resist to polyimide etching 
selectivity. 
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Technical Field 

This invention relates to a m thod of integral d 
circuit manufactur which includes a step of tching 
organic materials that are useful as anti-reflection 
coatings in lithographic processes such as those 
used in deep ultraviolet lithography. 

Background of the Invention 

As the dimensions of lithographically defined fea- 
tures become smaller, effects that were not signifi- 
cant at larger dimensions become important. For ex- 
ample, feature sizes may have identical size varia- 
tions, and the variations may be acceptable for large 
features but unacceptable for small features because 
the variation is too high a percentage of the small fea- 
ture size. Thus, critical dimension control is important 
for small feature size. Variations in dimensions may, 
of course, arise from many sources. 

Integrated circuit features are typically defined 
with a lithographic pattern delineation process. A pho- 
tosensitive material, commonly termed a resist, is 
formed on the substrate surface and portions of the 
resist are selectively exposed to radiation which cre- 
ates a differential removal rate between the exposed 
and unexposed portions. The portions of the resist 
with the more rapid removal rate are now removed by, 
e.g., etching, to expose selected portions of the un- 
derlying substrate surface. Further processing, such 
as etching of the exposed substrate or ion implanta- 
tion, etc., is now performed. 

Ideally, ail of the incident radiation travels a vert- 
ical path through the resist and is completely absor- 
bed before reaching the bottom of the resist This is, 
however, not always true in practice. Radiation may 
travel entirely through the resist and be reflected 
back into the resist. The reflection may be non-spec- 
ular or from a non- horizontal surface, and the reflect- 
ed radiation may be absorbed in portions of the resist 
that are not desirably exposed to radiation. The re- 
flected radiation, of course, degrades the quality of 
the pattern delineation process because it is absor- 
bed where it should not be absorbed. 

To reduce the amount of reflected radiation, ma- 
terials termed anti- reflection coatings have been de- 
veloped. These materials are positioned underneath 
the resist. They are frequently organic polymers such 
as polyimides. Of course, polyimides are used for 
other purposes, such as interlevet dielectrics, in inte- 
grated circuit fabrication. For use as an interlevel di- 
electric, the polyimide frequently has to be patterned 
to form vias which expose portions of the underlying 
mat rial. Of cours , portions of the anti-reflection 
coating must also be pattern d to expose the under- 
lying substrat material. The use of polyimides in in- 
tegrated circuits is discussed by Lai t al. in Industrial 
Engineering Chemical Product Research Develop- 



ment 25, 1986, pp. 38-40. Consideration of the above 
shows that th r must be an etching process for the 
polyimid . 

Plasma tching of polyimid s is discussed by 
5 Scott et al. in Journal of Vacuum Science and Tech- 
nology, A8, May/June 1990, pp. 2382-2387. Scott 
used a mixture of CF 4 and 0 2 and found that the ad- 
dition of CF 4 increased the etch rate of the polyimide 
as compared to the rate obtained with only 0 2 . The in- 
to creased etch rate was attributed to both etching by 
the CF 4 and the formation of atomic O in the plasma 
by the CF 4 . Turban et al., Journal of the Electrochem- 
ical Society, 130, November 1983, pp. 2231-2236, 
also reported the etching of polyimide using 0 2 and 
15 either CF 4 or SF 6 . Tepermeister et aL, Journal of Va- 
cuum Science and Technology, A9, May/June 1991, 
pp. 790-795, reported the etching of polyimides using 
Ar, 0 2 and 0 2 / F 2 plasmas. They reported that the 
etching process was a combination of gas phase plas- 
20 ma chemistry and plasma surface interactions. See 
also, Kogoma et al., Plasma Chemistry and Plasma 
Processing, 6, 1986, pp. 349-380, for a discussion of 
etching mechanisms of polyimide in O^SFe plasmas. 
Of course, methods for detecting the endpoint of 
25 plasma etching processes are also known. See, for 
example, U. S. Patent No. 4,312,732, issued on Jan- 
uary 26, 1987 to Degenkolb et al. 

Consideration of the results of the above proc- 
esses indicates that there is a need for a method of 
30 etching polyimides which provides critical dimension 
control and provides for an optical end point capability. 

Summary of the Invention 

35 A method of manufacturing an integrated circuit 
deposits a layer of an organic polymer on a substrate 
and forms a layer of resist on the surface of the or- 
ganic polymer. The organic polymer is an anti- 
reflection coating. Selected portions of the resist are 

40 exposed to radiation and portions of the resist are se- 
lectively removed to expose selected portions of the 
organic polymer which are etched with a plasma com- 
prising CHF 3 , a sputter component, and 0 2 . The CHF 3 
promotes polymer formation which inhibits etching 

45 while the sputter component removes the polymer. In 
an exemplary embodiment, the organic polymer com- 
prises a polyimide. In a preferred embodiment, the 
CHF 3 and the sputter component have flow rates into 
the etching apparatus such that the rates of polymer 

so formation and polymer removal by sputtering are ap- 
proximately balanced. In another preferred embodi- 
ment, the sputter component comprises Ar. 

Brief Description of th Drawing 

55 

The FIGURE is as ctionalvi w of a portion of an 
integrated circuit and is useful in explaining this inven- 
tion. 
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Detailed D scrlpti n 

The invention will b xplained by reference to 
the FIGURE and a particular mbodiment. For r a- 5 
sons of clarity, the elements depicted are not drawn 
to scale. 

Depicted in the FIGURE are substrate 1 and fea- 
tures 3 on substrate 1, polyimide layer 5, and resist 
layer 7. As can be seen, the polyimide layer covers 10 
the features 3 and the substrate surface. The resist 
has been patterned to expose selected portions of 
the polyimide layer. Selected portions of the resist are 
exposed to radiation which creates different removal 
rates when the resist is subsequently exposed to a re- is 
moval agent, such as a plasma having the composi- 
tion which will be discussed. The organic polymer 
serves as an anti-reflection coating for the radiation. 
The term substrate is used to mean any material that 
lies underneath and supports another material. The 20 
substrate may be single crystal silicon, with or without 
an epitaxial layer, or it may be a metal or dielectric lay- 
er. The features may be any of the device features 
present in integrated circuit devices or electrical inter- 
connections which may be on any level. The term 
polyimide is well known to those skilled in the art and 
represents a well-defined class of organic polymers. 
No further description is required. 

The structure depicted will be readily fabricated 
by those skilled in the art. The device features are 
well known as will be readily fabricated. An appropri- 
ate polyimide will also be readily selected and put on 
the substrate. An adhesion promoter may be used, if 
desired. The polyimide functions, as mentioned, as an 
anti-reflection coating for the radiation used in the 
pattern delineation process. The thickness of this lay- 
er isa function of the wavelength of the radiation used 
in the lithographic process and of the optical proper- 
ties, i.e., reflectivity of the substrate. Those skilled in 
the art will readily select an appropriate thickness. 
The resist will be formed and usually patterned using 
techniques that can define features having dimen- 
sions less than 0.5um. It is contemplated that pattern- 
ing of features smaller than 0.5um will use deep ultra- 
violet radiation. Such techniques are known to those 
skilled in the art 

The polyimide layer is etched after the overlying 
resist has been patterned to expose selected portions 
of the polyimide. The etch apparatus used is conven- 
tional, but the plasma used comprises CHF^Ar/C^. 
The CHF 3 promotes polymer formation on the ex- 
posed surfaces while the Ar acts as a sputter compo- 
nent which removes the polymer formed by the CHF 3 . 
The sputter component travels primarily in a vertical 
direction so that polymeric material on the sidewalls 
is not removed. The concentrations of CHF 3 and Ar in 
th plasma should be such that the rates of polymer 
formation and polym r removal by sputtering are ap- 
proximately equal. Although precise concentrations in 



the plasma have not been m asured, it has be n 
found that th CHF 3 concentration should be be- 
tween 10 and 35 percent fth total flow. Control of 
feature size is exc llentforCHF 3 concentrati ns with- 
in this range. 

The CHF 3 is also a desirable component of the 
plasma because it provides a convenient means for 
using optical endpoint detection. The F content of the 
plasma is monitored using well known techniques. 
When etching of the polyimide is finished, the F con- 
tent of the plasma rises and etching can be terminat- 
ed. Thus, etching is terminated when the F concen- 
tration reaches a predetermined level. The plasma 
also has good selectivity between the polyimide and 
the resist; in fact, selectivity of 1 :1 has been obtained. 
Higher selectivities can be obtained but typically at 
the expense of slower polyimide etch rates. 

Although the invention has been described by 
reference to a particular embodiment, variations will 
be evident to those skilled in the art. For example, the 
sputter component may be an inert gas other than Ar. 
Additionally, organic polymers other than polyimides 
may be used as the anti-reflection coating. 



Claims 

1. A method of manufacturing an integrated circuit 
comprising the steps of: 

depositing a layer(e.g. 5) of an organic 
polymer(e.g. 5) on a substrate(e.g. 1), said poly- 
mer(e.g. 5) being an anti-reflection coating; 

forming a layer of resist(e.g. 7) over the 
surface of said organic polymer(e.g. 5); 

exposing selected portions of said re- 
sist(e.g. 7) to radiation and removing portions of 
said resist(e.g. 7) to expose selected portions of 
said organic polymer(e.g. 5); and 

etching said selected portions of said or- 
ganic polymer(e.g. 5) in a plasma comprising 
CHF 3 , a sputter component, said component hav- 
ing a removal rate and 0 2 to expose portions of 
said substrate. 

2. A method as recited in claim 1 in which said or- 
ganic polymer(e.g. 5) is selected from the group 
consisting of polyimides. 

3. A method as recited in claim 2 in which CHF 3 has 
a polymer formation rate which is approximately 
equal to the sputter component removal rate. 

4. A method as recited in claim 1 in which said sput- 
ter component comprises Ar. 

5. A method as recit d in claim 1 in which said CHF 3 
forms betw n 1 0 and 35 percent of the total flow 
rate. 
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6. A method as recited in claim 1 comprising the fur- 
ther st psof: 

monitoring th F concentration in said 
plasma; and 5 

terminating etching when said concentra- 
tion reaches a predetermined level. 
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